Objective: To compare the clinical features of primary vs secondary retinal vasoproliferative tumors (VPTs).
I
N 1983, SHIELDS AND COWORKers 1 described an unusual retinal vascular tumor in 12 eyes that produced exudative retinopathy and this tumor was termed presumed acquired nonfamilial retinal hemangioma. In 1995, a larger cohort of 113 eyes was evaluated and classification of this tumor was proposed with specific delineation of the clinical features and related underlying ocular conditions. 2 It was recognized that this vascular mass involved not only the retina, but occasionally the retinal pigment epithelium and choroid, so this tumor was renamed vasoproliferative tumor (VPT) of the ocular fundus. 2 In addition to these reports, several publications have further contributed to our understanding of this unusual tumor. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Vasoproliferative tumor is now classified into 2 types including primary (idiopathic) (74% of cases) or secondary (26%), based on related ophthalmic findings. 2 Both primary and secondary VPTs have been recognized to occur inferotemporally or inferiorly in the fundus and both can produce retinal exudation, detachment, and remote macular edema with visual acuity compromise. 2 However, comparative evaluation of the clinical appearance and behavior of these 2 types has not been studied. Over the past 4 decades, we have had extensive experience with retinal VPTs. Herein, we describe a comprehensive spectrum of the clinical features and provide comparative evaluation of the differences between primary vs secondary VPTs.
METHODS
The medical records of all patients with the clinical diagnosis of VPT of the ocular fundus or acquired retinal hemangioma diagnosed between March 26, 1975, and November 30, 2011, were retrospectively reviewed. Institutional review board approval was obtained. Data were retrospectively collected from medical record review regarding patient demographics includ-ing age (in years), race (white, African American, Hispanic, or Asian), sex (male or female), medical history (hypertension, diabetes mellitus, hypercholesterolemia, autoimmune disease, oculoneurocutaneous syndromes [phakomatoses], systemic steroid use, and cigarette use), and ocular history (anterior segment/ posterior segment disease, topical/intravitreal medication, and ocular surgery).
The clinical data included presenting symptoms, duration of symptoms, visual acuity, intraocular pressure (in millimeters of mercury), laterality (unilateral or bilateral), and anterior segment findings. The tumor features included number of tumors, tumor size (basal dimension and thickness in millimeters), and tumor location by quadrant, anteroposterior region, proximity to the optic disc (in millimeters), and proximity to the foveola (in millimeters). Other tumor features included color and vascularity. Associated vitreoretinal findings of vitreous cells, vitreous hemorrhage, retinal pigment epithelial alterations, subretinal/ intraretinal exudation and hemorrhage, subretinal fluid, epiretinal membrane, cystoid macular edema, and retinal/optic disc neovascularization were recorded.
The anterior segment findings were confirmed by slitlamp examination and documented by large anterior segment drawings and slitlamp photography. The posterior segment findings were confirmed on ophthalmoscopic examination and documented by large fundus drawings, fundus photography, fluorescein angiography, ultrasonography, and optical coherence tomography.
The clinical features were evaluated based on primary vs secondary VPTs. Primary VPT was defined as VPT with no evident previous ocular condition, whereas secondary VPT was defined as VPT occurring in an eye with a known or clinically evident underlying ocular condition. All proportions in each group were presented as number and percentage and comparison between the groups was provided using the Fisher exact test or 2 test. The data collected on continuous or ordinal scale were expressed as mean, median, minimum, and maximum. An independentsamples t test was performed to compare age, intraocular pressure, tumor base, tumor thickness, and proximity to the optic nerve and foveola as a function of primary vs secondary VPTs.
RESULTS
There were 334 VPTs in 295 eyes of 275 patients. The demographic data and clinical features are listed in The clinical tumor and related features of VPT are listed in Table 2 . The mean tumor basal diameter was 6 mm (median, 6 mm; range, 0.5-25 mm) and mean tumor thickness was 2.9 mm (median, 2.6 mm; range, 0-9.7 mm). Several features showed statistically significant differences (primary vs secondary VPTs) including multifocality (5% vs 15%), postequatorial tumor location (20% vs 33%), tu- mor basal dimension (6 vs 7 mm), anterior chamber cells (16% vs 30%), and vitreous cells (19% vs 48%) ( Table 2) . Similar features (primary vs secondary VPTs) included tumor location in the inferotemporal quadrant (66% vs 72%), tumor location between the equator and ora serrata (77% vs 63%), and tumor thickness (2.8 vs 3 mm).
The results of imaging techniques are listed in Table 3 . The tumor appeared ultrasonographically dense in 87% and hyperfluorescent in arterial (92%), venous (96%), and late (56%) phases of fluorescein angiography. Optical coherence tomography (n = 134 eyes) documented cystoid macular edema (32%). Ultrasonography (n = 248 eyes), fluorescein angiography (n = 219 eyes), and optical coherence tomography (n = 134 eyes) showed no statistical difference when comparing primary vs secondary tumors.
The associated ocular diseases in 67 eyes with secondary VPT are listed in Table 4 . The 3 most common diseases included retinitis pigmentosa (22%), pars planitis (21%), and Coats disease (16%). Both eyes were involved in 11 cases (20%), and in this cohort, the underlying conditions included retinitis pigmentosa (n = 5), pars planitis (n = 3), aniridia (n = 1), idiopathic choroiditis (n = 1), and idiopathic peripheral retinal vasculitis (n = 1). The mean interval between diagnosis of the associated ocular disease and diagnosis of secondary VPT was 160 months (median, 93 months; range, 0-736 months).
COMMENT
Clinically, retinal VPT appears as a yellow-red, often illdefined retinal-based mass with a mildly dilated feeding retinal artery and draining vein. Because of the classic peripheral location, indistinct margins, and color similar to the background fundus, the VPT can be somewhat difficult to visualize ophthalmoscopically [1] [2] [3] [4] ( Figures 1, 2, and 3) . Although VPT is a benign tumor, it can produce profound visual loss related to remote effects of the tumor, including macular exudation, cystoid macular edema, and vitreous hemorrhage and epimacular membrane. These complications led to visual acuity of 20/200 or worse in 18% of our cases. In this analysis, retinal exudation was found in 71% of cases, with involvement of the macula (23%) and extramacular (48%) regions. Macular edema was found in 32% and epiretinal membrane, in 20%. Retinal VPT has been classified into primary (idiopathic) and secondary types. 2 Primary VPTs are typically located in the inferotemporal (42%) or inferior (21%) portion of the fundus and tend to be solitary, small, and between the globe equator and ora serrata. 2 Secondary VPTs are more often multifocal, bilateral, and believed to be a reactive vascular response to a variety of ocular insults. 4, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] In our series of 67 eyes with secondary VPT, the underlying ocular conditions included retinitis pigmentosa (22%), pars planitis (21%), Coats disease (16%), previous retinal detachment repair (12%), and others (Table 4) .
In this report, we have analyzed our experience with VPT to explore distinguishing characteristics of primary vs secondary tumors ( Figure 1 and Figure 2) . We found that primary VPT (compared with secondary VPT) showed statistically significant differences, with older age at presentation and less frequency of symptoms, bilaterality, poor visual acuity, and tumor multifocality. Primary VPT was less likely postequatorial in location and had smaller tumor basal dimension (Table 1 and Table 2 ). Despite these differences, there were many similarities of primary and secondary VPTs, and in most cases, the underlying condition had been established prior to the detection of the secondary VPT. Important similar features of primary vs secondary VPTs included tumor location in the inferotemporal quadrant, tumor location between the equator and ora serrata, tumor thickness, and presence of remote macular findings (Table 1 and Table 2) .
A notable finding in this analysis was the prevalence of a visually damaging effect of peripheral VPT on macular function. Visual acuity at presentation was 20/60 or worse in 39% of cases, and in these cases, treatment 2 was provided for tumor control and visual rehabilitation. Poor visual acuity with VPT has been previously recognized in published series of 103 eyes by Shields and associates 2 and 22 eyes by Heimann and associates. 4 Most other publications on this topic have been small case series or single-case reports, lacking sufficient data to evaluate visual outcome. In our current series of 295 eyes, both primary and secondary VPTs showed poor visual acuity of 20/200 or worse in 18% of patients from macular exudation, macular edema, epiretinal membrane, or retinal traction. This is an often overlooked cause of macular dysfunction and clinicians should be vigilant in examination of the peripheral fundus for conditions that can affect the macula, such as VPT.
In summary, VPT can occur as a primary or secondary tumor, each with potentially profound effects on the macula and ultimate visual outcome. Both types can have similar features and complications, but secondary VPTs are more likely to affect younger patients, both eyes, with multifocal lesions and overall poorer visual acuity. The diagnosis of VPT, particularly in a younger patient, should prompt a detailed ocular and systemic investigation for an underlying condition. 
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